Introduction
desaturation and elongation of precursor PUFA [7] . Within vertebrates, the extent to 43 which a species can produce LC-PUFA from C 18 PUFA precursors varies greatly, 44 depending on their repertoire of fatty acyl elongase (Elovl) and desaturase (Fad) only demonstrated pathway of LC-PUFA biosynthesis in vertebrates was the "Sprecher" 47 pathway that involves two sequential elongations of EPA to 24:5n-3 followed by Δ6 48 desaturation and one round of peroxisomal β-oxidation [8] . A theoretically simpler and 49 more direct pathway for biosynthesis of DHA from EPA would be via one elongation 50 step followed by Δ4 desaturation. However, for many years a Δ4Fad could only be 51 found in lower eukaryotes [e.g., 9-12]. This changed recently, when a fad transcript was 52 reported in the marine herbivorous fish Siganus canaliculatus that, when functionally 53 characterized in yeast, was found to have Δ4 desaturation activity [13] . Shortly after, 54 other teleosts such as Solea senegalensis, a marine carnivore, and Chirostoma estor, a 55 freshwater carnivore (mostly feeding on zooplankton), were found to have a similar 56 gene encoding a protein with Δ4Fad activity in in vitro heterologous expression assays 57 [14, 15] . However, the in vivo activity and biological relevance of the Δ4 pathway in 58 vertebrates remained to be established.
59
Senegalese sole, Solea senegalensis, is a species with high aquaculture interest 60 whose production has been intensifying in recent years in Southern Europe [16] . One of 61 the early identified advantages of this species was its apparently low LC-PUFA
62
(particularly DHA) requirements, for a marine teleost, during early larval stages [16] .
63
Therefore, the LC-PUFA biosynthesis ability of this species and the degree to which it 64 can perform well on diets containing low levels of these nutrients are highly relevant 65 issues of academic and commercial interest, and have started being investigated.
66
Previous studies on the transcriptional regulation of elovl5 and Δ4fad by dietary DHA 67 levels during the larval stage and changes in transcript levels during early ontogeny 68 [14, 17] , in addition to effects of maternal diet on elovl5 and Δ4fad transcription in eggs 69 and newly hatched larvae [18] , indicated a high degree of regulation of these genes.
70
Further interest in this subject is driven by the lack of sufficient and affordable supplies 71 of fishmeal (FM) and fish oil (FO) originating from marine fisheries, which were 72 classically used to produce fish feeds, to maintain current rates of aquaculture 73 production growth, which already provides almost 50 % of global fish supply for human 74 consumption [19] . Therefore 
Fatty acid composition analysis

185
Total lipids of the experimental diets (Table 2 ) and intestine, liver and muscle from a The tissue expression profile was determined by qPCR for both elovl5 and Δ4fad,
272
which showed significant differences between tissues (p<0.001 for both genes), with a source, and also showed significant interaction ( 24:5n-3
1.2 ± 0.0 (1.3%) 2.1 ± 0.0 (2.0%) 0.6 ± 0.0 (0.9%) 0.8 ± 0.0 (1.1%) <0.001 <0.001 <0.001
22:6n-3 2.9 ± 0.1 (3.0%) 5.0 ± 0.3 (4.6%) 0.9 ± 0.0 (1.3%) 1.7 ± 0.1 (2.3%) <0.001 <0.001 0.002
Results are means ± SD (n = 3). Values in brackets represent the percentage of 14 C-EPA desaturated or elongated.
327
Δ4fad transcripts in the intestine (Fig. 2) . However, in liver, a significant effect of 328 lipid level was observed in the basal (t0) expression of both elovl5 and Δ4fad, with 329 significantly higher transcript levels in fish fed the LL diets (Fig. 3) . On the other hand, corresponding to an average of 6 individuals (n = 6) with standard deviation (SD). Table 6 360 Total lipid (% of DW) and fatty acid composition (% total FA) of intestinal tissue.
362
Results are means ± SD (n = 3). Table 7 377
Total lipid (% of DW) and fatty acid composition (% total FA) of liver. In the intestine there were significant effects of dietary lipid level and source, and 407 significant interaction between the two factors, on the main FA with the exception of 408 EPA (likely due to the high variability in the content of this FA) (Table 6 ). In addition,
409
total SFA and MUFA were only significantly affected by dietary lipid level, while for 410 22:5n-3 and total n-6 PUFA there was a significant effect of lipid source and significant 411 interaction. Also noteworthy in this tissue was the fact that similar high levels of DHA
412
were measured in fish fed the FLL and VLL diets. In liver the FA profile showed less 413 significant differences and only the lipid source caused significant changes, with higher 414 relative levels of LOA, ALA (and hence total n-6 and n-3 PUFA) and lower contents of
415
DHA in fish fed the VO-based diets (Table 7) . However, the FA contents in liver,
416
particularly of the LC-PUFA, tended to show higher variability, which might have 417 contributed to lower differences being found in this organ. In muscle, similar to 418 intestine, there were significant effects of either one or both factors as well as 419 significant interactions in most of the main FA except for total MUFA, total n-3 PUFA 420 and, strikingly, DHA (Table 8) . dietary LC-PUFA levels [14, 34] 
